Introduction
AC motor speed control has been a popular topic over the past decades, because of uncertain parameters in the system model such as rotor resistance, flux, friction coefficient and variable load [1] [2] [3] [9] . Recently, to estimate motor speed without using speed sensors, many researchers utilize Kalman filters or sliding mode observers [8] [9] . These would help reduce production costs. However, the control performance would rely heavily on the estimation algorithm and the accuracy of motor model. The classical control method cannot obtain effective control, when the load of the system changes gradually due to uncertain parameters in the dynamic model of the AC motor. In this case, self-adaptive control [4] [5] [6] [7] , on-line identification methods and controllers with neural networks were used.
The main focus of recent research has been to determine a control algorithm and estimate the motor speed based on rotor flux orientation. In this method, the speed of the flux vector is controlled to reach the synchronous speed. Thus, the AC motor speed control is the same as the structure of DC motor control [11] [12] . The main objective was to decouple two currents i sd , i sq independently. However, these two currents interact and depend on synchronous speed s w . Therefore, this method operates well in static mode and indicates clearly when the system operates in the flux declining domain. This paper proposes a method of speed and flux control for AC motors using an artificial neural network to compensate for uncertain parameters in the dynamic model, such as rotor resistance, moment, friction coefficient as well as a variable load during system operation.
The paper is organized as follows. The second section discusses the speed and flux control models for AC motors. The third section shows the speed and flux control methods with uncertain parameters. The last section presents simulations to verify the efficiency of the proposed method. 
Speed and Flux Control Model for AC Motors
Substituting equation (1) 
From equation (4) and (5), we obtain a state equation:
where 
Matrices in equation (6) 
 being an augmented control signal.
Substituting equation (9) into (6) 
Speed and Flux Control Method for AC Motors with Uncertain Parameters
We denote:
where C is the positive definite diagonal matrix; (10) based on known signal s(t). From [10] , the artificial neural network structure is an RBF network. We chose a RBF network as seen in Figure 1 with two inputs, two outputs and three layers to approximate f. The input layer of the neural network consists of the two elements of s(t) and the output layer has two linear neurons. The hidden layer is composed of two neurons having the following Gauss distribution function:
where c j ,  j are the expectation and variance of the Gaussian distribution function that are freely chosen. Therefore, to make  s 0 and error e 0  , we need to choose v and the learning rule for the weighted W to make the system (10) asymptotically stable.
Theorem: Speed and flux of the AC motor in equation (2) 
Proof:
Applying Lyapunov's stability theory, we chose a positive definite function V such as:
Taking the derivative of both sides of the equation (16) yields:
Substituting derivatives , s w   into (17) yields:
From equation (10), (12), (13) and (18), we obtain:
Substituting equation (14) 
Simulation
Simulation was conducted using a four-pole squirrel-cage induction motor from LEROY SOMER with the parameters shown in Table 2 
When the unknown changeable load was formulated aŝ
T had an amplitude change over time as seen in Figure 4a ) and b). 
The simulation results are shown in Figure 5 to Figure 9 .
Based on the simulation results using the neural network shown in Figure 5 to Figure 7 , rotor speed and rotor flux were close to the desired values. When the load changed suddenly while the motor was operating normally, speed and rotor flux had a transient period with an error of about 1.6% to rotor angular velocity and 0.1% to rotor flux. Then, they converged rapidly to the desired speed and flux. The results without using the neural network (v 1 = 0) are seen in Figure 8 and Figure 9 which show that rotor speed and flux could not be maintained close to desired values at times when load changed suddenly. Error of rotor angular velocity was about 1.6% and that of the rotor flux about 0.5%.
This proves that the self-adaptive capacity of the system and the efficiency of the proposed control method using ANN with an online learning algorithm compensated for the impact of uncertain parameters and load changes. 
Conclusion
This paper proposes an adaptive, non-decoupling control method based on an ANN, for speed and flux control of AC motors, with uncertain parameters. Global asymptotic stability of the overall control system is proven by Lyapunov's direct method. The proposed speed and flux control method performs well while friction, moment of inertia, unknown rotor resistance and load change significantly in the AC motor dynamic model. The simulation results clearly show the efficiency of the proposed method. 
